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Annomayusn. Ha ocnose meopuu uzomonozamewyenus OvLiy noayueHvl COOMHOUWEHUsL, NO3B0AI0OUUE PACCHUNAMb
napamempbol  dPHexkmusHozo OUNOILHOZO MOMEHMA U30MONO0N0208 MoneKyl muna XY, npu cumMmempuuHom
3amewjenuu amomos. Mcxoonou ungopmayueti, Heobxooumou 0si 0CyuwecmeneHust HOOOOHLIX PACHEMO8s, SI8Semcs
ungopmayusi 0 CMpPYKMypHLIX —napamempax U napamempax — dPEQEKmusHoco  OUNOILHO2O  MOMEHMA
«mamepuHckoly monexyivl. Tlonyuennvle pesyivmamol cnpageonugsl OJisi KOMOUHAYUOHHBIX NOIOC U 0OEPMOHOS.
Tonyuennvie cOOMHOUWEHUS. 3HAUUMETLHO YAPOWAIOM, A 8 HEKOMOPHIX CIYYASIX, OelaiOn 603MONCHbIM NPOYecc

OnpedefzeHu}z abCoMOMHBIX UHIMEHCUBHOCMEL TUHULL noziouierusl u3ononojlocoe muna XYZ.

Introduction. In the last decades, high-resolution molecular spectroscopy has been increasingly concerned with
the study of vibration-rotation line intensities. The reason for this fact is the necessity of having the best line intensities
in order to extract the maximum of information from remote sensing experiments in the field of atmospheric physics
and for interpreting astrophysical and combustion data. Nowadays in most cases, line intensities of the “parent”
molecules (the most abundant isotopologue) are obtained with high accuracy. Nevertheless despite the large need in
high-precision quantitative information about line intensities of different isotopologues for numerous problems, up to
now, the number of corresponding researches is much less than the number of studies of “parent” species. The main
reason is that in such studies, in addition to the total pressure in the sample, it is necessary to know the partial pressure
of the studied isotopologue with high precision [1]. The latter, in the overwhelming majority of cases, is impossible
due to the intense exchange of atoms of different isotopes in the sample. The method of determining the partial
pressure in a gas mixture was developed earlier [2]. The main requirement of that method is the necessity to know
effective dipole moment parameters of the studied isotopologue. Unfortunately, this information is absent in the
literature in most of the cases. Thus, the main goal of the present study is to derive relations allowing to obtain the
effective dipole moment parameters of the studied isotopologue on the basis of information about the «parent » species
which is known with the high accuracy usually. These parameters may be used to apply the method of determining the

partial pressure in a gas mixture in the spectral region where combination bands and overtones are located. Also these
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parameters are the main contributions to the expansion of the effective dipole moment on normal coordinates, so they
may be used as a rough estimation of the effective dipole moment of the studied isotopologue.

Theoretical background. Line intensities require the calculation of the vibration-rotation matrix elements of the
transformed dipole moment operator [3]. Thereby the purpose of this study is to present the new theoretical treatment
that can be used to set up the transformed dipole moment operator of isotopologues of X7, type molecules.

Since the vibration-rotation energies and wavefunctions are generally calculated using transformed
Hamiltonians, it is necessary to use a transformed dipole moment operator to calculate transition moments correctly:

#.=G'PG ,

where G is a unitary ro-vibrational operator [2] and P.is a dipole moment operator, which can be written as

e A Av
YR VS WD WX
a A Av
Here kz ., are elements of the direction cosines matrix, ,u; - permanent dipole moment of “parent” molecule,

. . . 2 2 . .
Ql are dimensional normal coordinates, £, and ,uav are parameters of the dipole moment operator. Using the

isotopic substitution theory (for more details see Ref. [4]) it is possible to obtain the set of general relations,
which associate transformed dipole moment parameters of isotopologue with available in the literature, as a rule,
information on the transformed dipole moment parameters of “parent” molecule.

Results and discussion. In the present study only X7, type molecules and theirisotopologues were considered.
In particular, if one considers only isotopologues isomorphic to the C,, point symmetry group and takes into account
symmetry properties, final relations will take much more simple form.In Table 1 the calculated values of transformed
dipole moment parameters for H,'*0 molecules are represented. As it could be seen from Table 1, the obtained results
are ingood agreement with the data available in the literature. Therefore, it can be concluded that the obtained formulas

are correct and can be used for further calculations.

Table 1

The coefficients of the expansion of the transformed dipole moment operator with respect to normal coordinates

of H,'*0 (all values are in Debye)

This work Exp.
2, 0.00553 0.00565"
2y -0.00219 -0.00219°
By 0.02019 0.01830°
“Ref. [5]
°Ref. [76]

Conclusion. Within the framework of the developed isotopic substitution theory in polyatomic molecules,
isotopic relations between the main transformed dipole moment parameters of the overtones and combination bands
were obtained for the first time for the XY,-type molecules and their isotopologues (in particular for C,, symmetry).
These relations allow to predict the values of the corresponding transformed dipole moment parameters of various

isotopologues on the basis of the available information on the parameters of the transformed dipole moment operator
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of the “parent” molecule. These relations allow to avoid the difficulties associated with determining the partial pressure
and simplify the line intensity analysis of isotopologues in times. This work is one of the stages in the development of
the isotopic substitution theory applied for the line intensities calculation. At the moment, there are only relations for

the first order parameters of the fundamental bands for XY, type molecules [7].
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